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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Microbiome analysis (bacterial 16S rRNA gene meta-sequence) data and RNA sequencing (TIG-3 cells) data that support the findings of this study have been
deposited in the DNA Data Bank of Japan (DDBJ) with the accession codes DRA011735 or DRA011736, respectively (https://www.ddbj.nig.ac.jp). The deposited data
are available in NCBI under accession number DRA011735 (https://www.ncbi.nlm.nih.gov/sra/?term=DRA011735), DRA011736 (https://www.ncbi.nlm.nih.gov/sra/?
term=DRA011736). The databases referred in microbiome analysis are as follows: SILVA (https://www.arb-silva.de/) and National Center for Biotechnology
Information (NCBI) (https://www.ncbi.nlm.nih.gov/). Bacterial gene data mentioned in the text are available in NCBI under accession number NC_015501.1 (https://
www.ncbi.nlm.nih.gov/nuccore/NC_015501.1/), NC_00729.1 (https://www.ncbi.nlm.nih.gov/nuccore/NC_010729.1/), CP002689.1 (https://www.ncbi.nlm.nih.gov/
nuccore/CP002689.1), NZ_BAJM01000009 (https://www.ncbi.nlm.nih.gov/nuccore/NZ_BAJM01000009), PGN_0725 (https://www.ncbi.nlm.nih.gov/gene/?
term=PGN_0725), PGN_1341 (https://www.ncbi.nlm.nih.gov/gene/?term=PGN_1341), and PGN_1888 (https://www.ncbi.nlm.nih.gov/gene/?term=PGN_1888).

The database referred in RNA sequencing analysis is available in Ensembl (https://www.ensembl.org/).

The source data underlying Figs 2b-f, 3b, 3c, 4a, 4c, 4f, 5c-f and Supplementary Figs 3, 4b-e, 5, 6, 7, 8b, 8c, 9, 10c, 11c-e are provided as a Source Data File.
Uncropped and unprocessed scans of the blots are included in the Source Data file. The remaining data are available from the authors upon reasonable request.

For human gut microbiome analysis, no sample size calculation was performed because this study is observational, not interventional. For the
other experiments, the sample size was determined based on the expense of data collection, and the need to have sufficient statistical power.

For human gut microbiome analysis, faecal samples of participants matching to exclusion criteria were excluded before subjected to meta-16S
rRNA sequencing. Participants having clinical characteristics that could affect gut microbiome or collecting faecal samples in inappropriate
timing were excluded according to the exclusion criteria. For the other experiments, no data was excluded from the analysis.

All data presented were obtained from three or two independent experiments with similar outcomes. ( see Figure legends)

For human gut microbiome analysis, randomization was not applicable because this was an observational study. In animal experiments, mice
were randomized to receive treatments.

For the analysis of meta-16S rRNA gene sequencing, blinding was not possible because statistical tests for difference between groups
depended on clinical profiles. For other experiments, data collection and analysis were not performed blind. Controls and relative group
samples were processed either simultaneously or in parallel.
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Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

#H2AX (Millpore, cat#: 05-636, clone JBW301, lot#: 3153259), phospho-(Ser/Thr) ATM/ATR substrate (Cell Signaling Technology, cat#:
2851, lot#: 8), Cleaved Caspase-3 (Asp175) (Cell Signaling Technology, cat#: 9661, lot#: 43), p16INK4a (IBL, cat#: 11104, clone 1H4,
lot#: 1L309 or Abgent, cat#: ALS16384, clone 5A8A4,3G8D12, lot#: 74347 or Abcam, cat#: ab211542, clone EPR20418, lot#:
GR3232279-7 or Abcam, cat#: ab81278, clone EP435Y-129R, lot#: GR106921-28), p21Cip1/Waf1 (Cell Signaling Technology, cat#:
2947, clone 12D1, lot#: 11 or Abcam, cat#:ab107099, clone HUGO291, lot#: GR293812-6), LaminB1 (Abcam, cat#: ab16048, lot#:
GR3223716-1), RB (Santa Cruz, cat#: sc-102, lot#: D1318), phospho-RB (Ser780) (Cell Signaling Technology, cat#: 9307, lot#: 13), p53
(Santa Cruz, cat#: sc-6243, lot#: K0165), phospho-p53 (Ser15) (Cell Signaling Technology, cat#: 9284, lot#: 21), "-tubulin (Sigma
Aldrich, cat#: T9026, clone DM1A, lot#: 047M4789V), IL-6 (Abcam, cat#: ab6672, lot#: GR3195128-4), $-SMA (Sigma-Aldrich, cat#:
A5228, clone 1A4, lot#: 074M4814V, Abcam, ab125057, clone 1A4, lot#: GR276535-1), Anti-mouse IgG (Cell Signaling Technology,
cat#: 7076, lot#: 32), Anti-rabbit IgG (Cell Signaling Technology, cat#: 7074, lot#: 26), Goat anti-rabbit IgG (Vector Laboratories, cat#:
BA-1000, lot#: ZF0809), Goat anti-rat IgG (Vector Laboratories, cat#: BA-9400, lot#: ZB1216), Donkey anti-mouse IgG Alexa Fluor 488
(Thermo Fisher Scientific, cat#: A21202, lot#: 1696430), Donkey anti-rabbit IgG Alexa Fluor 594 (Thermo Fisher Scientific, cat#:
A21207, lot#: 1668652), Donkey anti-rabbit IgG Alexa Fluor Plus 555 (Thermo Fisher Scientific, cat#: A32794, lot#: UI284002)

All antibodies used in this study were commercially available antibodies and were validated by companies. Data sheets are available
from the web links as described below.

#H2AX; https://www.merckmillipore.com/JP/ja/product/Anti-phospho-Histone-H2A.X-Ser139-Antibody-clone-
JBW301,MM_NF-05-636-I

phospho-(Ser/Thr), ATM/ATR substrate; https://www.cellsignal.com/products/primary-antibodies/phospho-ser-thr-atm-atr-
substrate-antibody/2851

Cleaved Caspase-3; https://www.cellsignal.jp/products/primary-antibodies/cleaved-caspase-3-asp175-antibody/9661

p16INK4a; https://www.ibl-america.com/p16-ink4a-1h4-anti-human-mouse-igg-moab/

p16INK4a; http://www.abcepta.com/products/ALS16384-Anti-CDKN2A--p16INK4a-Antibody-clone-5A8A43G8D12-ALS16384

p16INK4a; https://www.abcam.com/cdkn2ap16ink4a-antibody-epr20418-ab211542.html

p16INK4a; https://www.abcam.co.jp/cdkn2ap16ink4a-antibody-ep435y-129r-ab81278.html

p21Cip1/Waf1; https://www.cellsignal.jp/products/primary-antibodies/p21-waf1-cip1-12d1-rabbit-mab/2947

p21Cip1/Waf1; https://www.abcam.co.jp/p21-antibody-HUGO291-ab107099.html

LaminB1; https://www.abcam.co.jp/lamin-b1-antibody-nuclear-envelope-marker-ab16048.html

RB; https://www.scbt.com/p/rb-antibody-if8/

phospho-RB; https://www.cellsignal.com/products/primary-antibodies/phospho-rb-ser780-antibody/9307

p53; https://www.scbt.com/p/p53-antibody-fl-393

phospho-p53; https://www.cellsignal.com/products/primary-antibodies/phospho-p53-ser15-antibody/9284

"-tubulin; https://www.sigmaaldrich.com/catalog/product/sigma/t9026

IL-6; https://www.abcam.co.jp/il-6-antibody-ab6672.html

"-SMA; https://www.sigmaaldrich.com/catalog/product/SIGMA/A5228

"-SMA; https://www.abcam.co.jp/biotin-alpha-smooth-muscle-actin-antibody-1a4-ab125057.html

Anti-mouse IgG; https://www.cellsignal.jp/products/secondary-antibodies/anti-mouse-igg-hrp-linked-antibody/7076

Anti-rabbit IgG; https://www.cellsignal.jp/products/secondary-antibodies/anti-rabbit-igg-hrp-linked-antibody/7074

Goat anti-rabbit IgG; https://vectorlabs.com/biotinylated-goat-anti-rabbit-igg-antibody.html

Goat anti-rat IgG; https://vectorlabs.com/catalogsearch/result/?q=BA-9400

Donkey anti-mouse IgG Alexa Fluor 488; https://www.thermofisher.com/antibody/product/Donkey-anti-Mouse-IgG-H-L-Highly-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A-21202

Donkey anti-rabbit IgG Alexa Fluor 594; https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A-21207

Donkey anti-rabbit IgG Alexa Fluor Plus 555; https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-
Cross-Adsorbed-Secondary-Antibody-Polyclonal/A32794

TIG-3 cells, mouse embryonic fibroblasts (MEFs) and CCD 841 CoN cells were obtained from Japanese Cancer Research
Resources Bank (JCRB), Oriental BioService, ATCC respectively. The human induced pluripotent stem cell (iPSC) line TkDN4-M
was supplied by the University of Tokyo. Mouse skin fibroblasts were isolated from the skin of a C57BL/6J wild type mouse
and that of a C57BL/6J p16-/- p21-/- mouse.

Authentication of TkDN4-M was described in reference article 68. Authentication of mouse skin fibroblasts was not necessary
because developed in our lab. Other cells were obtained from public bioresources bank or Company and were not
authenticated by ourselves.

We have confirmed that there were not mycoplasma contamination in our tissue culture cells.

No commonly misidentified cell lines were used in this study.




